With rapid economic development in Taiwan, people have greater awareness of health care and are paying more attention to it. From the perspective of hospital management, the scale of hospitals and efficiency improvement are of concern to hospital managers. However, the extent of efficiency will differ between public and private hospitals due to their different ownership and goals. The study aims to evaluate the efficiency of public and private hospitals and to investigate the influence of ownership on efficiency of hospitals. The differences between hospitals can be understood by analyzing the features of the organization of hospitals and their geographic environment. In this way, hospitals with relatively low efficiency will be able to make improvements based on concrete evidence. By means of the two-stage method, the efficiency scores of 182 hospitals in Taiwan are compared. In the first stage, the data envelopment analysis is applied to obtain the efficiency scores of hospitals. The results show that private hospitals are more efficient than public hospitals. In the second stage, Tobit regression is used to investigate the factors influencing efficiency obtained by the data envelopment analysis.
Summary
With rapid economic development in Taiwan, people have greater awareness of health care and are paying more attention to it. From the perspective of hospital management, the scale of hospitals and efficiency improvement are of concern to hospital managers. However, the extent of efficiency will differ between public and private hospitals due to their different ownership and goals. The study aims to evaluate the efficiency of public and private hospitals and to investigate the influence of ownership on efficiency of hospitals. The differences between hospitals can be understood by analyzing the features of the organization of hospitals and their geographic environment. In this way, hospitals with relatively low efficiency will be able to make improvements based on concrete evidence. By means of the two-stage method, the efficiency scores of 182 hospitals in Taiwan are compared. In the first stage, the data envelopment analysis is applied to obtain the efficiency scores of hospitals. The results show that private hospitals are more efficient than public hospitals. In the second stage, Tobit regression is used to investigate the factors influencing efficiency obtained by the data envelopment analysis.
The results indicate that there are differences between ownership in market competition and the average length of stay.
KEYWORDS data envelopment analysis, hospital ownership, hospital performance evaluation, Tobit censored regression Since the 1970s, the rapid growth of Taiwan's economy has enabled its government to gradually implement an emergency medical and mental health care network plan to uniformly distribute medical resources and to improve the accessibility of medical treatment. With the aging of the population, public demand for health care is growing, the need for medical resources is increasing, and chronic diseases are becoming more common. As a result, the public has realized the value of medical awareness and information. The scope of medical services is also expanding. Hospital care models are developing into other care models (eg, long-term care, health care, and the biotech pharmaceutical industry) and then are toward rural communities and large-scale cities into the same emerging industry in terms of market size.
The National Health Insurance (NHI) system was implemented in 1995 and has an insurance coverage rate of nearly 99%. The policy has significantly reduced economic barriers that prevent the public from accessing medical treatment. Health insurance payment, however, is closely related to the income of hospitals and affects the current medical situation in Taiwan. For instance, the working conditions of medical staff have deteriorated. To reduce the cost of labor, hospitals employ many volunteers to replace medical staff. With low salaries and long working hours, medical manpower allocation leads to development of small departments (eg, ophthalmology and otolaryngology), because other specialists fiercely compete. The difficulties associated with the payment system compel hospitals to choose the most efficient methods of treating patients while considering economic benefits. Similar diseases are treated differently in different hospitals because available medical equipment varies. If a patient's payment cap under NHI has been reached or if they have a difficult case, hospitals may refuse to admit them or recommend an early discharge. Moreover, the decrease in health insurance payments causes hospitals to shoulder some costs, thereby forcing some small-scale hospitals to withdraw from the market. This case is especially true for private hospitals. With the establishment of the NHI system, the people in the entire country are compelled to stay insured. As a result, the probability of private hospitals receiving patients is significantly lowered. However, given that the amendment of the Medical Care Law of Taiwan was passed over a decade ago, in 2004, private hospitals have had the opportunity to carry out hospital integration to expand the scale of operations and, in turn, enhance operational efficiency. Under the intervention of the strong management of the Bureau of NHI, only the hospitals with economies of scale and good management can operate well. In this case, hospitals in remote or small areas have been closing down one after another. Thus, the phenomenon of large-scale hospitals has been established. The medical industry is very different from other business industries, eg, in terms of the information asymmetry between doctors and patients, the uncertain risk in medical behavior itself, the intervention of insurance and government policy, as well as some medical providers being non-profit service providers. To cope with changes in the NHI payment system and the market environment, local hospitals are becoming increasingly large scale, grouping oriented, and prone to forming strategic alliances to reduce operating costs, increase the ability to take risks, and guarantee the strength of the hospitals in the market. The establishment of large-scale corporate hospitals with strong manpower as well as financial and material resources has brought about the development of advanced management strategies. This phenomenon not only generates profits but also significantly enhances the market share of private hospitals and improves the efficiency of public hospitals.
Scale and efficiency are issues of concern to hospital management, which must expand the scale of a hospital in order to increase its output, without affecting the input. Efficiency refers to the ratio relationship between various inputs and outputs of organizations. On one hand, efficiency provides a reference for hospital management in decision making. On the other hand, it can also be used to examine the practice of hospital management. Getting information regarding factors relevant to the efficiency of hospitals is difficult because both prices of both inputs and outputs are hard to obtain. Such difficulty also makes measuring the efficiency of hospitals challenging; therefore, choosing a group of appropriate and effective inputs and outputs is essential. Efficiency evaluation can help managers understand their resource utilization. In other words, efficiency can be used to measure the proportion of the reduced inputs at a fixed level of outputs. Hence, the efficiency difference can describe the ability of a hospital to utilize resources. However, if managers want to know what factors affect the efficiency difference, regression analysis should be used. Based on numerous studies on ownership theory, ownership means the right to a particular property. Public hospitals are owned by governments, whereas private hospitals are owned by individual consortiums. The situation of hospitals in Taiwan is different from that in some other countries. With the existence of an NHI system in Taiwan, the competition among hospitals is fierce. Hospitals can expand their scale by enhancing operational efficiency. Moreover, the organizational structure of hospitals in Taiwan is complex. Both public and private hospitals are checked and balanced by the government. The government imposes numerous interest restrictions on private hospitals. Most private hospitals are nominally nonprofit. Private hospitals in Taiwan state that public welfare is their concern. However, the authorities are unable to find out whether hospitals engage in public benefit activities or not. The authorities are also unable to impose penalties for violators. Thus, private hospitals may in fact conduct activities to generate profit. Measuring the efficiency of public and private hospitals and investigating the factors which influence this can encourage competition between public and private hospitals and provide insight into how hospitals can improve their efficiency by changing some factors. This study thus aims to investigate the difference between public and private hospitals in terms of their efficiency.
Research on hospital ownership is extensive, although that in Taiwan is limited. Also, among the former, only a few studies have employed a dataset covering a 1-year period to study the effect of ownership on hospital efficiency.
Considering the existence of different types of hospital ownership in Taiwan's medical industry and the difficulty in collecting hospital data, further medical research should be conducted to study these different types of ownership.
Therefore, this study aims to analyze the difference in the ownership of hospitals in two stages employing snapshot data. Data envelopment analysis (DEA) can be used to evaluate multiple inputs and multiple outputs; therefore, DEA is adopted in the first stage to evaluate the relative efficiency of public and private hospitals in Taiwan. In the second stage, Tobit regression analysis is used to explore the influence of ownership on efficiency obtained by means of DEA.
A twofold contribution is provided in this study. First, with the changes in the market of hospitals in Taiwan, large-scale public hospitals are continuously being privatized, whereas small-scale private hospitals are withdrawing from the market. To understand the ownership system in Taiwan and the difference between public and private hospitals, the increase or decrease in hospital production must be measured to compare relatively inefficient hospitals with those that are relatively efficient. Second, identifying which factor influences hospital efficiency can provide managers with insight into which factors affect hospital outputs to improve hospital efficiency.
The rest of the study is structured as follows: Section 2 presents the literature review, focusing on ownership theory and empirical research on the use of DEA. Section 3 describes the method. Section 4 explains the data source as well as the descriptive statistics. Section 5 discusses the results. Section 6 provides the conclusions.
Ownership determines whether a hospital is private or public. Private hospitals are also divided into for-profit and non-profit institutions and are financed by individual institutions. Public hospitals are funded mainly by public institutions and are controlled by the government. Moreover, ownership theories include property rights theory, agent theory, and public choice theory.
1,2 These theories focus on variations in efficiency, because substantial differences are observed in objective and control mechanisms among these types of ownership.
Property rights theory suggests that property rights can be either private or public. On one hand, private property limits the transfer, allocation, application, and income of resources to a particular person without being subject to any restriction, transfer, allocation, or use of these resources by any legal means. On the other hand, public property refers to public resources shared by all people, thereby eliminating the transferability and exclusivity of property e604right. 3 Public hospitals are not financially restricted, whereas private hospitals can monitor the activities of private management and allocate fiscal surplus to the private management of the hospital. 4 This theory suggests that private hospitals are more efficient than public hospitals.
Agent theory focuses on the contractual relationship between the providers and the users of company resources.
The client owns the resources, while the agent controls and uses these resources. Principal-agent relationships are developed because of the emergence of large-scale production and the enhancement of productivity. Agents act on behalf of the client. The hospital managers aim for maximum benefit rather than the interests of the organization or owner. However, if private hospitals can solve the conflict of interest from inconsistent principal-agent targets better, a difference will be observed in hospital performance. The income of executives in public hospitals rarely depends on hospital performance, whereas the income of executives in private hospitals is associated with hospital performance. 1 Therefore, private hospitals strive for better performance as compared with public hospitals.
Public choice theory suggests that based on the situation that human behavior enables the achievement of goals despite limited means, economics research on non-market decision making attempts to classify the division of good and evil in human behavior into a unified analytical model or framework through an economics approach. 5 Public hospitals are not motivated to maximize profit. Instead, public hospitals aim to minimize costs and shortcomings rather than to strive for recognition and quality service. Meanwhile, private hospitals aim for high production efficiency to maximize their profits. The ownership theories suggest that private ownership is better than public ownership. Based on the number and function of hospital beds, hospitals can be divided into medical centers, local hospitals, and regional hospitals. Medical centers have 500 or more acute beds, provide medical services in at least 22 departments, and have teaching, research, and high medical treatment functions. They support regional medical networks and are the main teaching hospitals of medical colleges. Local hospitals provide specialized medical treatment and general hospitalization, have 100 to 200 beds, and provide medical treatment to patients with acute illnesses. They also provide primary medical care, health care, and public health services at the grassroots level. Regional hospitals have 300 or more beds, anesthesia, psychiatric, rehabilitation, radiation, and other specialized departments, and engage in expensive diagnosis and state-of-the-art medical treatments.
| Efficiency of ownership
Measuring the efficiency of ownership can be done in various ways. Some research has adopted DEA, 7-9 whereas other studies have used stochastic frontier analysis (SFA) [10] [11] [12] [13] [14] and other approaches. 12, 15 These studies obtained different results. Table 1 shows the comparisons of efficiency evaluation of ownership.
Data envelopment analysis allows the application of multiple inputs and outputs to measure hospital efficiency, so DEA has been the most commonly used tool to measure the efficiency of hospitals. 16 Previous research has thus revealed that the use of different methods leads to different results, as shown in Table 1 . Some studies suggested that public hospitals were more efficient than private hospitals, whereas other studies indicated that private hospitals were more efficient than public hospitals. The measurement of the efficiency of public and private hospitals is complex. The underlying relationships can be explored to identify the differences in their efficiency. Moreover, the hospital ownership system in Taiwan is different from those of other countries. In
Taiwan, public hospitals are non-profit, whereas some private hospitals are semi-profit. The present study adopts property rights theory to measure the difference between two types of property rights, namely, public property right and private property right, in Taiwan. Although several studies have employed DEA, local and foreign studies utilizing Data envelopment analysis methodology, originally proposed by Charnes et al, 23 is used to assess the relative efficiency of a number of entities using a common set of incommensurate inputs to generate a common set of incommensurate outputs. Let x ij denote the observed magnitude of i input for entity j (x ij ; i = 1, …, m; j = 1, …, n) and y rj denote the observed magnitude of r output for entity j (y rj ≥ 0; r = 1, …, s; j = 1, …, n). Then, the CCR model is formulated in Model (1) for the observed entityk. where v i , r r are the weights to be determined for input i and output r, and ε is a small positive value.
If a DMU is located at the performance frontier, its efficiency score is equal to one. If not, the score should be between zero and one. However, the inefficiency of a DMU might be caused not only by pure technical inefficiency but also by different returns to scale. that the CCR model might cause performance underestimation. They extended the CCR model to include the variable returns to scale. Consequently, it was named the BCC model. If the production possibility set meets the postulates of convexity, inefficiency postulate, ray unboundedness, and minimum extrapolation, the BCC model then divides the TE into pure technical efficiency (PTE) and scale efficiency (SE). TE is obtained from the formula PTE multiplied by SE. Therefore, the BCC fractional form of mathematical programming is given in Model (2). 
where ε is represented by a small non-Archimedean quantity, and u 0 is free in sign.
| Stage 2: Tobit censored regression
This study uses DEA to measure hospital efficiency as a dependent variable that ranges from 0 to 1. Thus, the Tobit model is adopted. The model uses the maximum likelihood to estimate parameters and is characterized by a restricted dependent variable. The actual model is composed of two equations that can be used to identify the changes that are produced by continuous variables under a certain behavior.
If the efficiency value is in the range of 0 to 1, the restricted variable in a constant range is called a censored variable or restricted dependent variable. In Equation 3.1, A k is the variable to be explained, β is the corresponding coefficient vector, E * k is the TE value of the model estimated, and E k is the censored TE value. In Equation 3.2, when the actual estimated efficiency is greater than or equal to 1, censored efficiency is equal to 1. In Equation 3.3, when the actual estimated efficiency ranges from 0 to 1, the actual estimated efficiency is equal to the censored efficiency.
If the actual estimated efficiency is less than or equal to 0, the censored efficiency is 0. 
| Input and output variables
Based on other research on the DEA framework in the measurement of hospital efficiency as shown in Table 2 , this study chose human resources and capital as input items. Human resources are mainly the labor force, and capital refers mainly to the technical equipment of a hospital. The number of hospital beds (x 1 ), including common and individual beds, is treated as the capital input variable. Human resource input includes the number of administrative staff (x 2 ), the number of doctors (x 3 ), the number of nurses (x 4 ), and the number of other medical staff (x 5 ). Among these, doctors cover physicians and surgeons, and other medical staff include physical therapy personnel, occupational therapy personnel, clinical social workers, psychological personnel, dietitians, hearing and speech therapy staff, respiratory therapists, medical radiological technicians, social workers, and full-time management personnel. Five factors were regarded as output variables, namely, the number of inpatients (y 1 ), the number of outpatients (y 2 ), annual emergency patient visits (y 3 ), income from inpatients (y 4 ; New Taiwan Dollars), and income from outpatients (y 5 ; New Taiwan Dollars).
| Control variables
In hospital management, selecting the control variables is important. The efficiency of the structure and management of hospitals definitely affects hospital operation. When variables are restricted, the estimated samples will cause errors. To facilitate explanation of the factors influencing hospital ownership, Tobit censored linear regression can be adopted.
Model (2), the BCC Model, shows that the best efficiency value is used in the regression model for hospital k.
According to several studies that regard ownership as a viewpoint, the efficiency of private hospitals is better than that of public hospitals. Therefore, the expected ownership (OWNERSHIP) has a positive effect on efficiency. Based on the earlier discussion here, the level of hospitals (LEVEL) can be divided into three types: medical centers, and regional and local hospitals. Clarkson 29 suggested that the effective limitations and adjustment can improve productivity, and that configuration and market information can also cause public hospitals to be different from private hospitals in terms of performance. In terms of configuration, if the number of patients is changed, better hospital output is achieved. To better control the flow of patients, average length of stay (ALS) is used. This parameter can be used to understand the flow of patients in hospitals. As hospital stay is extended, hospital output also increases. In terms of market information, leaders of public hospitals will use less market resources. Their decision with regard to price rarely depends on market demand information and price competition but is instead based on market competition. Market competition can provide insight into the trend of changes in market information. The HerfindahlHirschman Index (HHI) is generally used to show market competition information and is the definition commonly used in hospital market studies. 30, 31 Different competitive markets show the situation of each hospital that receives market information. HHI adopts the number of outpatients plus the number of inpatients as the market share rate.
Market competition is a measurement index for market region. If the degree of market concentration is higher, the result may suggest better efficiency. However, non-price competition may occur in Taiwan's hospitals. Therefore, HHI may be positive or negative. As such, the Tobit regression for hospital k can be represented by Equation 4 .
where E * k refers to the efficiency value of hospital k; OWNERSHIP k is the dummy variable for ownership. If it is a private hospital the value is 1, and if public, 0. LEVEL k is also a dummy variable. For medical centers, it is set at 1, for regional hospitals 2, and for local hospitals 3. ALS k refers to the flow of patients in hospital k. HHI k refers to the competition of hospital k in the market. ε k refers to error value.
| Descriptive statistics
This study is based on a data set comprising 182 hospitals covering a 1-year period, as shown in Table 3 , including 58 public hospitals and 124 private hospitals. Among these hospitals, 19 are medical centers, 63 are regional hospitals, and 100 are local hospitals.
In the descriptive statistics of input variables for OWNERSHIP, as shown in Table 4 , the mean input of public hospitals is higher than that of private hospitals. Public hospitals have sufficient scale because of government participation; therefore, the relative inputs are high. Table 5 shows the descriptive statistics of input variables for LEVEL. The input of medical centers is also higher than that of other types of hospitals on average, followed by regional hospitals. Local hospitals have the lowest input.
With the larger scale, inputs of medical centers are high. However, the result may be related to the teaching responsibility of the medical center.
In the descriptive statistics of output variables for OWNERSHIP, as shown in Table 6 , the mean output of public hospitals is higher than that of private hospitals. Table 7 shows the descriptive statistics of output variables for LEVEL. Similarly, the output of medical centers is higher than those of hospitals of other types. Greater quantities of inputs and outputs are used by public hospitals and medical centers than by private hospitals. The differences in variables among public and private hospitals as well as hospitals in different grades can be used to describe their differences statistically.
| EMPIRICAL RESULTS
This study is divided into two stages. The relative efficiency of 182 public and private hospitals in Taiwan is evaluated in the first stage, and Models (1) to (2) and all hospitals (0.93), implying that public hospitals are closer to the best scale. Among these, the medical centers have the highest mean SE (0.97), and local hospitals have the lowest SE (0.92), as shown in Table 8 . The result shows that local hospitals should pay more attention to adjusting their operational scale.
The highest efficiency value of the DEA model is 1, which suggests that hospitals with an efficiency value of 1 are more efficient than other hospitals. In all, 36 hospitals had a scale efficiency of 1, including 10 public hospitals, 26 private hospitals, 6 medical centers, 8 regional hospitals, and 22 local hospitals, as shown in Table 9 . The result implies that those hospitals operate at the best scale.
The comparison of the mean TE by ownership type is shown in Table 10 . A total of 56 hospitals had a TE of 1, including 43 private hospitals, 13 public hospitals, 8 medical centers, 13 regional hospitals, and 35 local hospitals.
The result indicates that those hospitals achieve the best resource utilization.
From the viewpoint of returns to scale, a scale efficiency of 1 represents constant CRS; a scale efficiency that is not 1 may represent a decreasing (DRS) or increasing returns-to-scale (IRS). Furthermore, if the distance to 1 is greater, the decreasing or increasing situation is more significant. As shown in Table 11 , the increasing scale efficiency
shows that the growth rate of inputs is less than that of outputs. Thus, DMU input items can be added. If scale efficiency shows a decreasing status, the trend means the growth rate of inputs is more than that of the outputs. Therefore, DMU input items can be reduced. Furthermore, the CRS does not increase or decrease. When a DMU with an efficiency value of 1 occurs in other referenced sets many times, such a result suggests that the intensity vector of the DMU is stronger than that of the inefficient DMU. The original efficiency should remain the same unless outputs or inputs are changed. If the DMU is referenced only once or twice, a minimal decrease in output or minimal increase in input may affect its efficiency. 32 The top hospitals DMU most frequently referenced are shown in Table 12 , among which DMU 59, a private medical center, has been referenced 105 times.
Of the top 10 DMUs based on referenced frequency, the most referenced are private and local hospitals.
In the second stage, this study uses EViews 7 to runTobit regression in order to investigate which factors will influence hospital efficiency. In hospital grade analysis, as shown inTable 13, ALS, HHI, and LEVEL are positive. HHI and LEVEL have significant effects. However, ALS is insignificant. The results indicate that higher market concentration will enhance the efficiency of hospitals, and a difference in hospital grade will cause an efficiency difference between hospitals.
In the analysis on public and private hospitals, as shown in Table 14 , OWNERSHIP, HHI, and ALS have positive effects. OWNERSHIP, HHI, and ALS are significant. OWNERSHIP is positively influenced, indicating that private hospitals are more efficient than public hospitals. Higher market concentration or a higher flow of patients will increase the efficiency of hospitals.
From market competition (HHI), the expected result is a positive effect because the medical industry is different from other industries. Generally, for the hospital market's conditions, hospital efficiency should not increase with increasing intensity of competition. The result in this study is consistent with the expected direction, implying that less market competition can help hospitals increase their efficiency. A possible reason is that if managers can obtain more market information, they can use less market resources to produce their outputs. In terms of hospital grade, the difference between medical centers, regional, and local hospitals leads to an efficiency difference. ALS also has a positive effect. When the flow of patients is higher, additional resource distribution of public and private hospitals is expected under the NHI system in Taiwan. However, hospital grade is insignificantly associated with hospital efficiency compared with ALS because the resource distribution of medical centers, regional, and local hospitals is fixed.
For example, medical centers are mainly teaching hospitals. Local hospitals are based mainly on the general clinic.
Furthermore, regional hospitals are based mainly on specialization hospitals. Property rights theory suggests that the salary of high-level managers in private hospitals is always positively related to hospital income. Thus, hospitals aim to maximize profit. Profit maximization can allow investment of part of the fiscal dividend into personnel management in private hospitals, which have higher efficiency than public hospitals.
The literature has revealed that neither public nor private hospitals have an absolute advantage. The advantage may change based on the environment or national policy. This study can provide managers a basis for their decisions. As to the effect of ownership on efficiency, HHI can affect efficiency. Gentle environmental competition can enable both types of hospitals to grow through rich market information. Relatively inefficient hospitals can survey people's needs against market information to consequently improve their service or adjust prices to meet people's needs.
| CONCLUSIONS
In order to assess the efficiency of hospitals and explore the impacts of different ownership types and the environmental factors on the efficiency of hospitals, this study uses a two-stage method, with DEA adopted in the first stage and Tobit regression utilized in the second stage, to analyze the data of 182 hospitals in Taiwan in 2012.
The empirical results show that, in terms of pure TE, private and local hospitals are more efficient than other hospitals, while, in terms of scale efficiency, public hospitals and medical centers have higher efficiency than other hospitals. The results of Tobit regression indicate that private hospitals are more efficient than public hospitals. Less market competition and higher average length of stay can increase the efficiency of hospitals, because hospitals can use less market resources by obtaining more market information, and a higher flow of patients can increase the outputs of hospitals.
This study is limited because it adopted only the traditional DEA method and considered only one-shot hospital data. In the near future, we may investigate differences in hospital efficiency and study changes in ownership due to privatization over many years. Different methods may be adopted to analyze the results and compare the difference between different numbers of hospital beds.
